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Abstract Torrentophryne aspinia is a new kind of toads discovered in China recently, it 
lives in the forest floor in West Yunnan, the most important things for this kind of species is 
that they have a kind of torrent-adapted tadpoles which have abdominal suckers and can ad- 
here to the surfaces of rocks in moving waters. In this article, we described the forming proce- 
dures of abdominal sucker and some breeding behaviors, habitats and habits. After com- 
paring with those of other toads, it is confirmed that Torrentophryne should be a new valid ge- 
nus, it is derived from ancestor toads because of adaptation to the torrent habitats, by the for- 
ming of torrent-adapted organ—— abdominal sucker in the early development. 
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1 Introduction 


A kind of tadpoles, which had abdominal suckers, discovered in West Yunnan in 
1973, are ever confused with those of Amolops, but they differ from the latter on the 
creases of sucker, lucking of ventral glands, and denticle formulae (II / Ill), also they 
have tube-like egg mass, that typically belong to Bufonidae. So its classificatory posi- 
tion are not very clear, and this is why we need to observe its breeding behavior, 
habits, habitats and all the process of developing from fertilization to metamorphosis. 


2 Habitat and Ecology 


Torrentophryne aspinia live in the mountainous areas of West Yunnan, the areas 
are relatively cool, covered with dense forest, altitude 1900—2200 meters. It is narrow- 
ly distributed: so far only find in Taiping, Yangbi County. The reproduction and early 
development are carried on in slow stream with the water current velocity about 0.33 me- 
ters per second. The streams are densely grassed at the both edges and water is limpid 
all over the year. The regions where T. aspinia live in were ever densely covered with 
primeval forest (virgin forest), but nowadays the vegetation along the upper section 
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of the streams are generally changed into mixed-forests or bush clumps, and those 
along the middle and lower sections are gradually become secondary coniferous trees 
(such as pine-trees), walnut, and cultivated lands such as buckwheat or corn. In the 
followed section of the streams, no adults and tadpoles of T. aspinia were found. 

During the breeding season, adult males and females assemble beside and in the 
streams, embracing and depositing spawns, the spawns are generally laid in the 
back-water pools or the sites where the water currents are slow (about 0.04 meters per 
second) in the sides of stream. The depth of waters where the depositing females stay in 
are shallow: the water surfaces are only reach to the eyes of the females, when the fe- 
males are facing to the shore of stream and laying spawns into the deep waters behind. 
Spawns are wrapped in the jelly tubes, and fixed in the streams depending on the tubes 
which partly attacd. to the branches or roots of trees and grass in the sides of stream; 
the tadpoles in the early stages are also fixed in the stream through the jelly tube which 
their adhesive organs are tying at until the abdominal sucker are well developed, when 
the abdominal suckers are formed, the tadpoles can leave the tube to absorb onto the 
stone surface in the waters, and can move on the stone surface with their lips? action 
and feed. They will be unable to stay in the waters if without abdominal suckers. 
When metamorphosis is about to finish, the limbs are basically developed, the abdomi- 
nal suckers are gradually disappeared, when the metamorphosis finish, the larvae begin 
to disperse into the lands. 


3 Breeding Behavior and Habits 


The breeding season last only about one month: from the end of September to the 
middle of October. Typically it is a short term and high-density explosive breeding pat- 
tern, for that the duration of breeding season is very short and the density of breeding 
toads is much high as soon as the breeding season begins, for instance, in a suitable 
water area which is less than 4 square meters there are totally at least 6 pair embracing 
toads and with some unpaired males. In any areas, males are always more than females 
in number. There are a variance in breeding seasons for the different mountains and 
streams where the different populations of T. aspinia live in, but the range of variance 
is shorter than one quarter of the total season. All the males and females leave depos- 
iting sites to the lands right after they finish laying, and will never be found until next 
season, that is why for a long time we never found the adults since their tadpoles were 
discovered. 

During the breeding season, males are with black nuptial pads on the surfaces of ba- 
ses of fingers from first to third and inner palmar tubercles, they usually sound *Gu, 
Gu, Gu" when swimming in the waters, and especially when meeting the females and 
being caught by human with hands on their flanks, but they do not have sound sac. 
Males come to the stream prior to the females. 
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Courting and embracing behavior: the embracings are mainly carried on in the wat- 
ers. Male may gore female on flank or head with its snout, or embrace the female on 
the back, or climb on female’s head or back, with sounding. The female may resist it 
such as contrasting her head or running away, but the female in sex mature and in 
breeding season is always turned down and become numb and limp, while the male may 
embracing the female from ventral. Male may sometimes embrace another males even 
more they may court and embrace the female of other toad species such as Bufo 
andrewsi which is about to breed, but they part away soon after. It seems that the abil- 
ity of identifications between sexes and different species is much weak, the recognition 
between the male and female probably depend on the contacting of skin (tactile), and 
the sounds are mainly used to absorbing. 

Its normal embracing is a typical axillary amplexus: the males hands are through 
under the axilla of female and nuptial pads press against the central-sides of female? s ch- 
est, but the male! s hands do not touch each other. Male will stop sounding right after 
it embrace the female, and sound again intermittently soon, then the female carrying 
the male on back are swimming or walking around to look for the suitable depositing 
site. 

The behavior of contending for females; The embrace force of male is very tight so 
that the female’s chests are always slightly harmed and with two obviously black pots re- 
sulted from the press of males’ nuptial pads. On the other hand, if the pair in em- 
bracing meet other male, the latter will always impose to embrace the female on the oth- 
er part, and strongly gore the male with snout, trying to squeeze the male in pair 
away, and the male in embracing can strongly kick about and embrace more tightly in 
the same time, until the disturbing one is drived away. The embracing males are very 
sensitive to the disturbance; when the others touched its head, its two hind limbs all 
kick forwards and bent the trunk; if touch its lateral body, the hind limb in the same 
side kick towards; if touch the back of body, the two hind limbs kick up-towards; 
and if touch the thigh or hind limbs, the hind limbs kick backwards. At the same 
time, the female carrying “her” spouse will run away as quickly as possible, so it is nev- 
er seen that more males are embracing a single female. 

Phony Copulation (Mating) of Male: sometimes males in embracing show the 
phony mating, namely all the muscles of body regularly contract (systole) and diastole 
and give sounds meanwhile. When it is contracting, its trunk (torso) left upwards, fore 
limbs tightly embracing tbe female and the hind limbs kick downbackwards; and when 
extending, the fore part of trunk descent downwards, fore limbs loosely embracing the 
female and the hind limbs contract up-forwards. The same actions also occurs when 
they are laying spawns. 

When it is near to deposit spawn, the female carrying “her” spouse is walking or sw- 


imming around to look for the suitable laying site in side of stream where the velocity of 
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water current are much slow, usually a back water pool where the water surface almost 
reach to the eyes of the female and has grass, roots or branches of trees in it for the 
jelly tube packing the fertilized eggs to fix at. It needs 2-4 days for the female to find a 
suitable site, and then they stay in the site for 1-2 days before depositing. The dura- 
tion of time from amplexus to laying spawns depends on the discovering of suitable site 
for female to lay. The water temperature in depositing sites is 11 — 16C, pH=7. It is 
laying by day or night but needs no any disturbance. 

During laying, the females are facing to the shores of stream and without moving, 
so that the tube-like mass is partially fixed at the grass, roots or branches of trees in 
the sides of stream, while the other is floating in the water. It is not as that of Bufo 
melanostictus which the both terminal of tubes are all fixed. The male sound 
intermittently, and with hind limbs kicking backwards which maybe draw out the tubes 
and disperse them into waters, and probably with the exposing the sperm and mixing 
the seminal fluid (semen) into the water. The laying last 3-6 hours, once for all 
spawns. According to 9 pair toads which the females are sized 76-96 mm in body 
length, their mass (strings) are with 1500—3000 eggs, which is much fewer than those of 
other toads. The unpaired males and the pairs without suitable laying sites are still roun- 
ding in the deep waters. 

It is same as the other toads that the eggs are wrapped in the jelly tube, pairing list- 
ed and.spirally extending. The tubes are much thin, about 3 mm in diameter right at 
birth, then can reach to 8 mm after expanding with the absorbing of water. 

The pair will depart away automatically when they meet the bad weather such as the 
cold current, and will never embrace again and stop breeding in this year. It is proba- 
bly that the procedure of breeding is disturbed and the breeding seasons is lost or de- 
layed because of the stimulation of the bad circumstance. It indicates that the breeding 
needs strict conditions of climate. 

After laying, the male leave the female and round in the waters nearby, while the 
female still stay at the laying site for hours. The egg mass from different pairs are not 
overlapped; the mortality (death rate) of spent toads are much high, and probably so 
in field because of too much consume and without getting foods, their resistances to the 


disease greatly weakened, and being infected by intesting parasites. 
4 Development | 


As for the special habits and habitat, 7 orrentophryne shows much different with oth- 
er toads (Liu Chengzhao el al., 1961; Yao Shuyi et al., 1984; Wan Chang et al., 
1984; Wan Ziren et al, 1985; Ye Ruiqiong et al, 1986; Yan Anhou, 1987; 
Porter, 1972) in early development. Under the experimental condition with pH —7, we 
observed all the procedures of developments of 3 pair toads from fertilized eggs to com- 
pletion of metamorphosis. It can be separated into 3 phasese: the first 15 days from Oc- 
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tober 20 to November 15, with the water temperature 11-1SD in the morning, 


Table 1 The procedure of early development of Torrentophryne aspinia 


in semi—nature testing ground, with the daily temparature changes 


Date and Water temperature Date and Water temperature 

. ————————— Stage p SSS Stage 

time a. m. m. p. m. time a. m. m. p. m. 

Oct. 20 12 14 14.5 1- 3 Nov. 17 12 13 13 28 
21 14 16 16 4-7 18 11.8 13 13 28 
22 14 14 14.5 8-10 19 11.5 12.5 13 28 
23 14 13.5 14 11-13 20 12.5 13 13 28 
24 13.8 16 15 14-16 21 12.5 13.5 14 28 
25 14 15 15 17 22 12.2 13.5 14 28 
26 11 16.5 16 18 23 12 13 13 28 
27 11.5 14 | 12 18 24 11.5 12 12 28 
28 12 14 14 19 27 11 11.5 12 |: 28 
29 13.5 14.5 15 19 30 10 11 10.5 28 
30 14 15 14 19 Dec. 5 10 11 11 28 
31 13 13 13 20 10 9.8 10.5 11 28 

Nov. 1 13 13.5 13.5 20 16 9.5 12.5 12.5 29 
2 11 11.5 12 20 20 10 11 12 29 
3 12.5 13.5 13 21 25 9.9 11 11 29 
4 12 13 12.5 21 28 7 7.5 9 29 
5 12 13 13 22 30 6.5 8 10 29 
6 13 14.5 14 23 Jan. 6 8.7 9 9 29 
7 11.5 14 14 23 11 9 10.5 10.5 29 
8 13 14.8 14 24 15 9 9.5 10 29 
9 12 14.5 14 24 25 8 8.5 9° 29 
10 13 15 14 25 Feb. 15 9 9 9 29 
11 13 14 15 26 Mar. 4 11 13 13 30 
12 13 15 15 21 24 14.5 15.5 16 30 
13 13.5 14 14 27 Apr. 8 15 17.5 17.5 36 
14 12.5 12 12 27 13 15 16.5 17 36 
15 12 13 13 27 18 16 18 18.5 37 
16 13 13.2 14 27 23 16.5 19.5 19.5 38 





11.5-16.5T in the afternoon and 12-16C in the evening, they are rapidly developed; 
next followed about 3 months from November 16 to February 15 in next year, while 
the water temperature are decreased: 6.5-13'C in the morning, 7.5-13.5CC in the after- 
noon and 7.5-14CC in the evening, they are much slowly developed, basically only the 
body got large while structure were scarcely changed; then|from February 16, it is the 
beginning of spring season, the water temperature increasing which can reach to more 
than 16C, their development were speeded, especially the hind limb that only needs 20 
days from Match 24 to April 14, the tadpoles are developed from just hind limb buds to 
completeness of hind limbs. All the developments are finished right before the next rain 
season came in June. It is worthy to emphasize that the climates, deposition sites, the 
breeding and developing time and other conditions in our testing grounds are very simi- 
lar with those of the primitive locality in Taiping of Yangbi County, and the develop- 
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ment were lasted vere long, which is much longer than that observed by Limbaugh and 
Volpe on Bufo valliceps in laboratory condition with temparature 25 C (Porter, 
1972), especially the stages from 28 to 30. The development are mainly stimulated by 
the water temperature. The procedure of development, the stages and the daily water 
temperature were listed in Table 1. : 

The divisions of stages (total 46 stages) are followed Duellman et al. (1986) and Por- 
ter (1972), especially the common characters for each stage are similar to those in Porter 
(1972) and we will not re-describe them, but here we need to emphasize some stages 
that are important in development and evolution of this kind of torrent-adapted toad 
species (Fig. 1-10, Plate I; 1-20). 


5 The Identity Between Developing and Environment 


At first, the fertilized spawns are wrapped in jelly membrane in the tube-like jelly 
mass, and preserved by the tube. The tube is fixed in the water current in the stream, 
its function is just for the fixing and protecting because the embryos which are left the 
tube in early development stages in still waters also can well develop. The protecting ac- 
tion of tube just last to tail bud stage, when the tail bud grow, the body can wave, the 
jelly tube begins to be digested, tadpoles are hatched and turn to the outside of tube by 
passing through the hole but still fix at the membrane of tube with the adhesive organ, 
no any jelly silk or thin pipe between the adhesive organ and the tube. The adhesive or- 
gan is right the embryonic form of abdominal sucker, and will gradually develop into 
the abdominal sucker with the growing of tadpole. As soon as the abdominal sucker is 
fully developed, the jelly tubes are totally digested and its actions as fixing are also disap- 
peared. Atthe same time, the tadpoles disperse around to suck on the surface of stones 
or other subjects in the stream with their abdominal sucker, and move forward on the 
surface with the action of lips of mouth and get foods. The action as fixing of abdomi- 
nal sucker will remain to the stage when four limbs are completely developed, but the 
sucker itself will not disappear until the time when the metamorphosis is near to finish. 
So, the jelly spawn tubes, the adhesive organs and the abdominal suckers are the struc- 
tural base on which Torrentophryne toads can live in the stream, and they are the neces- 
sary requirement for the embryos of stream toads to well develop. 

Forming procedure of abdominal sucker: when the tadpoles are hatched, it is into 
the 21th stage (cornea transparent stage), the hind edge of the V—shaped adhesive organ 
begins to roll backward, flatten and expand backward gradually, and its edge also be- 

: come flat and smooth, its inner part is gradually emerged as a smooth upside - down 
4 ^A? triangle concave surface. Then the flattened edge of V-shaped adhesive organ (at 
this time it is basically on the same plane with the yolk bag) form a semicircle membrane 
bulge along the hind margin, and form a semi-circled structure, the middle part within 
the circle is deepened as a pot bottom. With the rolling of hind edge of adhesive 
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organ, the inner surface become further larger and deeper, and the lower lip which has 
well developed is right in the opening of the semicircle structure. So that in stage 25, 
namely operculum complete stage, the circled abdominal sucker is completely formed. 





Fig. 1-10 The early development of Torrentophryne aspinia 


l; stage l; 2: stage 14; 3: stage 17; 4: stage 18; 5. 6: stage 20; 


7; stage 23; 8: stage 36; 9; stage 37; 10: stage 14 
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| The other toads of Bufo in China and Bufo valliceps in America (Porter, 1972) also 
| have the adhesive organ in the early stages of development, but their adhesive organ be- 
F gin to wither in stage 21, as soon as the tadpole is hatched, and fully disappeared in 
stage 25, never be developed into abdominal sucker. While the organ of 
Torrentophryne begin to develop in stage 21 and finally form the abdominal sucker in 
stage 25. It shows that the tadpoles of Bufo are not necessary to have the absorbing 
structure after they were hatched because of still waters living. 

The fertilized spawns can well develop under the conditions of being fixed and pre- 
served by jelly tubes; from the fertilized egg to the tail bud stage (17th stage), the em- 
bryonic breath take a way of cell respiring, and get nutriment supplied by yolk. When 
it is into the tail bud stage, the tadpoles are hatched, they can wave, and pass through 
the tube which is digesting, but they still hold the membrane of the tube with adhesive 
organ so that they can not be washed away. Since the beginning of motion, they need 
more oxygen so that the external gills developed, and the nostrils are fully formed at 
this time (probably perform the action of sensation or feeling at first). From this time to 
mouth well-formed stage (about 25th stage), the tadpoles are breathing with external 
gills and nourished by yolk (get nutrition from the yolk). As for the enhancing of the ac- 
tivity, the metabolizing get much quick, while the yolk is totally absorbed, the mouth 
also gradually formed, and so as the digestive system, the hole of yolk bag become the 
anus immediately, tail was gradually develop perfectly, the adhesive organ gradually be- 
come the abdominal sucker. The adhesive organ is the maintaining structure of the em- 
bryo before hatching, and the abdominal sucker is the absorbing organ of tadpole after 
hatching. As soon as the abdominal sucker is fully developed, all the lips with its 
teeth, the horny peak with its sawtooth-like projects and the papillae in the mouth cor- 
ner can perform the different functions, they can fetch the foods from the outside. The 
function of the papillae is probably filtering, and the external gills gradually disappear 
with the beginning of function of the papillae, only left one opening as a spiracle in the 
left so as to be consistent with the feeding pattern: gobbling up by the mouth (scraped 
by lip teeth and peak projects), and the respiring with internal gills. At the same time, 
eyes and lens (pupils) are developed so that tadpoles may move more effectively, and 
that the caudal muscles divided into sections, showing the tail is completely developed, 
and may greatly raise the movement efficiency. In this condition, the tadpoles have ful- 
ly prepared to leave the tube, to live in the waters completely by themselves, so they dis- 
persed around to live in completely and independently depending on the feeling of eyes, 
motion by tail, absorbing by abdominal sucker and the action of well-developed diges- 
tion system consisting of mouth, lips with their teeth and peak with its projects (the lip 
‘can help tadpole move on the surface of the subjects which they absorbing on). 

The hind limb buds are formed as early as the time when the abdominal sucker has 


not formed, but they remain in the “dormancy” state, only very slightly developed. 
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This is because of the very cold weather during the followed two months, that make 
them grow very slow and almost no variations in body structure. But during this time, 
the body of tadpole get larger and stronger, eyes deepened, muscle edge bulged around 
the abdominal sucker, lips with their teeth deepened, the edges of lips are substituted 
by the muscles, the lips (or all the mouth) are gradually contracted, the papillae be- 
come weak and clumpy that shows their food and feeding pattern are changed: it is not 
a passive way which filter by lips, papillae and spiracle, but an initiative way which 
take in the food on their own by peak and projects. At this time, the tendence is obvi- 
ous that the eyes and mouth are gradually transmitted from that of tadpole into that of 
adult. "When reach to the next March, the spring coming, the temperature uprising 
and the development speeding up, the hind limb buds renew to develop, the peak and 
its projects get very strong, the capacity for eating greatly increased (mainly on the 
bryophyte), and usually emerged on the surface of water which may show the beginning 
of nostril breath gaining: oxygen from the air, namely the lung has basically be devel- 
oped. After the resuming of the development of hind limbs, they grow very quickly, 
all the toes are developed during about 25 days. In this time, tadpoles become very ac- 
tive, they can stretch all the head upon the water surface. Then the left fore limb 
emerged right near by the location of the spiracle at first, the spiracle (and its action) dis- 
appeared with the disappearing of filtering and taking in food and the beginning of the 
breath of nostrils and lung. After that the right fore limb also grows, all of tadpoles 
: can leave the water onto land for a short time, it shows that the lung is perfectly devel- 
oped and the tadpoles are ready to leave the waters completely, After that, the lips 
with their teeth are further contracted and move forwards, the peak further deepened, 
the papillae in the cornea of mouth became further weak and less, the abdominal sucker 
also gradually shrivel, the part which is depressed is filled up by muscles (lower jaw mus- 
cles) and becomes the lower jaw, and the upper jaw is formed with the edge of upper lip 
bulged. When the jaw is completely formed, the papillae and abdominal sucker are 
completely disappeared, the tail is totally absorbed, the metamorphosis finished, the ju- 
venile toads dispersed onto the land and feed depending on the tongue, breathing with 
the nostril-lung and skin, all the food is changed (begin to feed on animal). 

The materials above indicated that the development stages are closely linked with 
each other, before the happening of every motion (life styles or developmental stages), 
the structures and condition of their functions which are interrelated with those actions 
are completely prepared, as soon as these conditions are ready, the relative actions (and 
life styles) which are expected begin. If the structure and its function are not ready, the 
action connected with the structure will be unable to perform, and the development will 
be unable to continue facing to the steady changed environments which they need to 
meet. 





FS g 


增刊 RERE: ERRETINARA SEKIRA K 151 


6 Comparisons Between Torrentophryne aspinia and the Species of Bufo in 
Early Development 


Breeding season: T. aspinia is breeding in October, while B. gargarizans is from 
the end of February to the early March; B. melanostictus is from the end of April to 
the early May in Yunnan, November in Hainan, and all over the year in Java (the tail 
has well developed when they were hatched, which is different from B. gargarizans); 
B. raddei is from the early April to the early May; B. andrewsi is from March to 
May in the West Sichuan, from the end of August to the early September in 
Kunming, the end of June in West Yunnan. The quantities of spawn deposited are also 
different, for instance, that of B. gargarizans has 4720-8535 grains, that of B. 
raddei about 3000 and that of T. aspinia 1500-3000. 

The spawns of T. aspinia are deposited in stream current, the females do not move 
around when they are laying so that only one end of jelly tubes near to the side of 
stream are fixed, while others are loosely floating in the deep waters behind, the adhe- 
sive organ of tadpole develop into the abdominal sucker, and the tadpoles can absorbed 
on the surface of stone or other subjects in the stream. The spawns of the species of 
Bufo are deposited in the still water pool (expect for B. andrewsi); the females move 
around during the laying so that two ends of the jelly tube are fixed, their tadpoles are 
swimming around in a mass (assembly) the adhesive organ will disappear after 
hatching. 

It is very interesting that B. andrewsi, distributed in high mountainous areas of 
southwestern China, deposit its spawns in the water pool in the side of stream or nearby 
the river; its tadpoles have flatten body, large mouth, low and deep light tail fin, 
teeth formula H / Ill, they can swim freely in the slow water-current, or can “absorb” 
on the stone in waters, while the tadpoles of its sister species- B. gargarizans, distrib- 
uted in plain areas, have a clumsy body, high, thin and light-colored tail fin, I: 
1-1/ I denticle formula, the tadpoles live in the still water pond. So B. andrewsi 
probably is interim group (species) between the Torrentophryne toads and other 
Bufo toads according to its distribution location in the Transhimalayanus areas, its alti- 
tude, habitat and breeding behavior, body form, its structures of tadpoles, the action 
and living mode. 

Torrentophryne, such as T. aspinia, are the species which only the tadpole can 
adapt the stream living because of the development of abdominal sucker, while the 
adults not because they have no any torrent- adapted structures such as disc on the top 
of digital. The abdominal sucker of Torrentophryne is an adaptive organ for the stream 
living. 
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7 The Torrent—adapted Anura and Their Relationships 


The torent-adapted Anura means the species which have torrent-adapted 
tadpoles, so far as we have known, they include Amolopsinae and Rana sauteri 
(Kuramoto, 1984, Taiwan) in Ranidae, Torrentophryne, Atelops, Ansonia (Duellman 
‘et al. 1985), Bufo asper and Bufo torrenticola (Matsui, 1975, Japan) in Bufonidae. 

The abdominal sucker of the torrent toads should be a convergence organ with 
those of Amolopsinae and R.  sauteri, there is no any contact among them in 
evolution, though they are much similar. This aspect may be verified after we have 
made detail researches on the forming procedure of abdominal sucker of Amolops and 
Rana sauteri and comparing their morphology. They are only the adapting structures 
which are resulted from the identity of environments where they live in and their 
habitats. 

As for the abdominal suckers of Amolopsinae and Rana sauteri, We agree with 
Kuromato et al. (1984) that R. sauteri probably have some contacts with Amolops in 
evolution because of appearance of abdominal sucker in tadpole. We think that the ab- 
dominal sucker of R. sauteri is probably a degenerated (or remaining) form of that of . 
Amolops, because that Amolops is widely distributed in Southeast Asia including Fujian 
of China, but does not find in Taiwan until now, Perhaps, Rana sauteri is a re- 
maining species of Amolops in Taiwan, it lives in the small stream or still water pools 
of mountainous areas in the middle Taiwan, its abdominal sucker is slightly degenerated 
because of changing of environments but still be reserved, teeth formula also still more 
teeth rows: M: 1-1/ VI: 1-1, which is very similar with those of Amolops, and adult 
has no difference with the common ranid species in the external morphology, its discs 
on the terminal of digits are degenerated but still remain the expansion (Bourret, 1942). 
The other question for the relationship between Amolopsinae and Rana is R. 
nigrovittata, it lives in the stream which the water current is much slow and the puddle 
of mountain areas of Xishuangbanna of Yunnan, its tadpoles have the paired gland 
tubercles on the ventral which are very similar with that only occurred in the tadpoles of 
Amolops, but it has not any abdominal suckers, while the adult still remain the small 
digital discs. So R. sauteri and R. nigrovittata are respectively represented the transi- 
tion group that varied from Amolops to the some species which are defined as Rana 
species by now. The genus Rana that we know now is probably not a monophyletic 
group in generic level. 

Peters (1964) thinks that the abdominal sucker of the tadpole of Amolops probably 
derived from the adhesive organ of Rana tadpole. While Kuramoto thinks that the ad- 
hesive organ of R. sauteri is formed within the abdominal sucker and that the adhesive 
organ does not participate in the forming of the abdominal sucker. Actually, the adhe- 
sive organ is universally present in toads or frogs in early development of embryo before 
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hatching, it is a very primitive structure. We think that the abdominal sucker is derived 
from adhesive organ, and agree with Peters about the relationship between Amolops 
and Rana. Our observation in Torrentophryne also shows that the abdominal sucker is 
derived from the adhesive organ, the adhesive organ has taken part in the forming of ab- 
dominal sucker. In fact the adhesive organ is as a embryonic form of the sucker in 
un-hatched embryo. The adhesive organ is appeared as early as l5th stage (rotation 
stage), it is a maintaining structure of embryo before hatching, while it is after 
hatching, about 17th stage (tail bud stage), that the adhesive organ begins to develop 
gradually, and does not fully developed into abdominal sucker until the time when tad- 
pole can completely leave the tube (about 25th stage: operculum development ), with 
the action of adhesive organ ended at this time. The abdominal sucker is an absorbing 
structure of tadpole when it lives independently in the stream water after parting away 
the tube. 

As for the relationships between torrent-adapted toads: Ansonia, Atelops, 
Torrentophryne, B. asper and B. torrenticola, we are not confirm if they are directly 
connected in abdominal sucker’ s evolution. B. asper, widely distributed in Southeast 
Asia from South Burma to Java, has been confirmed as one species of Torrentophryne 
(Yang et al. in press) because it has same type of tadpole and adult morphology with 
Torrentophryne. Bufo torrenticola, only distributed in Japan, also should be considered 
as one species of Torrentophryne because its tadpole has the similar abdominal sucker 
and its adult shows no much difference with Torrentophryne | species. So genus 
Torrentophryne totally have four species: T. aspinia, T. tuberculous, T. asper and 
T. torrenticola, they have as large body as common Bufo toads, and the adult 
morphology are not very variance with Bufo species. Since this genus are widely distrib- 
uted in Southeast Asia, it should have a long evolutionary history. 

Ansonia is a big genus which include 17 species (Frost, 1985), it is widely distrib- 
uted in Southeastern Asia from South India, Malay Peninsula to Borneo and Mindanao 
(Philippines). Ansonia also have abdominal suckers in their tadpoles, but this genus 
are different with Torrentophryne in morphology of tadpole and adult. According to In- 
ger (1954), this genus is different with Bufo in parotoid absent, cranial crests absent, 
subarticular tubercles of the fingers poorly developed or absent, no small supernumerary 
tubercles on the feet, web membranous and well developed, adult bodies less than 
60mm., tadpole with abdominal sucker. It differs from Torrentophryne in its upper 
beak of tadpole which is divided into two widely separated halves. 

Atelops contains 43 species, it is distributed in Costa Rica, Bolivia, Guyans and 
Brazil in Middle America. This genus is widely separated from Torrentophryne . and 
Ansonia in geography and probably has no direct connections with the two Asian gen- 
” era in evolution especially in developing of abdominal sucker. 


As above, we can confirm that Torrentophryne is a valid genus, and if it is veri- 
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fied that the abdominal sucker of Torrentophryne and the oral sucker of Ansonia are 
homologue, then the two genera should be an independent branch in evolution of 
Bufonidae, and as a monophylotic group, they should be considered as a subfamily of 
Bufonidae-named as Torrentophryninae, just like the Amolopsinae of Ranidae. 


8 The Abdominal Sucker and Evolution of Asian Anura 


We know that the V-shaped adhesive organ also appeared in the early development 
stages of other toads, even though it commonly appears in frogs. It indicates that the 
adhesive organ is a primitive organ as a common structure of Anura, and it is a main- 
taining organ of embryo in the early development stages, depending on it the embryo 
can fix at the membrane of egg tube or mass, It is because of different environment 
which they live in, that the adhesive organ have different evolutionary directions. In 
most species, it does not develop it into the abdominal suckers since the tadpoles live in 
the still waters and: no necessary to absorb onto the other subjects in water after they 
were hatched, and begins to deteriorated right after the tadpoles are hatched; but in 
some species, such as torrent-adapted toads, Amolops and R. sauteri, their tadpoles 
live in the rapid water current, and need to absorb onto the subjects in the stream in or- 
der to avoid being washed away, so their adhesive organs continue to develop to form 
abdominal suckers after they were hatched. 

Since most bufonid species do not develop abdominal sucker from the adhesive or- 
gan, while the Torrentophryne toads, which are distributed in the eastern Himalaya 
and transhimalaya southwards to Borneo, Sumatra and Philippines, they are similar 
with Amolopsinae species which also distributed in these areas, that the adhesive organs 
are developed into the abdominal suckers. So it probably because of the uprising of 
these areas, and the enviroments where the ancestor species of torrent toads and 
Amolopsinae ever lived in were gradually changed, more streams were formed, just like 
where they live in now, and their tadpoles gradually adapted the stream living, resulting 
in that the adhesive organs were developed into abdominal suckers. So the abdominal 
sucker is a derived structure, and the species of torrent-adapted toads are derived ones 
in the phylogeny of Bufonidae, and Amolopsinae species are the derived ones in the 
phylogeny of Ranidae. But both abdominal suckers of torrent-adapted toads and 
Amolopsinae, in spite of very similar in morphology and probably in forming 
procdure, are without any connection in their different evolution. It is a very important 
evolutionary way of Anura in the southeastern Asia to develop an abdominal sucker or 
oral sucker for to adapt the stream environments, like the torrent-adapted toads and 
Amolopsinae species, Another torrent-adapted way for early development of Anura in 
this area is shown in Megophryinae by the modified mouth part of tadpole. 
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BEA Bk 
《中 国 科 学 院 昆 明 动物 研究 所 昆明 650223) 


摘要 O JoBREMSCTorrentophryne aspinia ) 分 布 于 云南 西部 海拔 1800 一 2200 m, RAE 
密 的 山区 溪流 附近 ， 溪 水 常 清 ， 流 速 约 0.3 m /s。 其 繁殖 季节 始 于 中 秋 ， 持 续 约 1 个 月 ， 为 
短期 密集 的 爆发 性 繁殖 类 型 。 此 间 ， 雄 蛤 为 抱 对 而 具有 明显 的 求偶 行为 和 强烈 的 争 肉 、 排 斥 
同类 的 行为 。 抱 对 方式 为 腋 胸 式 即 雄 蜂 前 肢 穿 过 上 肉 蛤 的 腑 下 ， 其 婚 垫 紧 贴 峻 蜘 胸 部 中 央 的 两 
侧 。 抱 对 约 2 一 4 天 后 ， 产 卵 于 水 流 较 缓 的 回 水 山中 ， 卵 被 包 于 胶 质 管状 带 中 。 产 卵 时 间 在 白 
天 或 夜间 ， 水 温 11 一 16C ， 约 持续 3 一 6 hs P RÆ 1500—3000 粒 ， 一 次 性 产 完 ， 其 间 纵 蟾 一 
般 不 走动 ， 故 卵 带 只 一 端 固 定 ， 其 余 大 部 松散 地 漂浮 于 水 中 ， 产 完 卵 后 不 入 ， 肉 雄 蛤 均 上 岸 
而 去 ， 并 再 难 发 现 。 若 遇 钴 伶 ， 抱 对 体 将 自行 拆散 并 停止 繁殖 。 

HR #H (abdominal sucker) 的 发 生 是 溪 昌 类 个 体 发 育 和 系统 演化 的 一 个 独特 而 重要 的 方 
面 ， 它 是 师 虹 藉以 在 诅 流 中 生 在 的 必须 器 官 ， 同 时 也 是 溪 蟾 类 与 其 它 桨 内 类 在 系统 演化 上 的 
FERE. MARRA HEE FERRE E hR, FARRA M A adhesive or- 
gan)， 该 附着 器 在 溪 蛤 类 将 继续 发 育成 腹 吸 盘 ， 而 在 其 他 蛤 蛤 类 则 不 再 发 育成 腹 吸盘 。 溪 蛤 类 
由 于 产 卵 于 流 溪 中 ， 其 早期 个 体 发 育 也 在 流 溪 中 ， 故 需要 有 适应 溪流 生存 的 器 官 。 溪 蛤 类 的 
蝇 时 在 尾 区 期 以 前 借 卵 胶带 附着 而 固定 于 流水 中 ， 从 屁 节 期 开始 到 尾 血 循环 期 以 前 则 以 附着 
器 直接 连 在 胶管 的 外 壁 上 ， 随 后 则 用 此 时 已 形成 的 腹 吸盘 ( 随 着 附着 器 的 后 折 向 后 卷 、 变 遍 
平 ， 内 腹面 旦 盘 状 四 陷 露 出 和 外 缘 的 隆起 而 形成 ) 各 自 独 立地 驱 附 在 溪 中 石头 等 物体 上 摄食 并 
靠 唇 部 的 力量 向 前 移动 ， 直 到 前 肢 长 成 。 婚 旦 在 次 年 雨季 来 临 之 前 即 完成 变态 。 

3E MEAE Ha T e LRL ET BER EET UR AR, (B HU) 5 dC "E OUS CUR DET Mp DIE BE TE 2) KA 
化 上 均 不 同 。 同 时 在 目前 所 已 知 的 3 3E MEC ERES) Ansonia 和 Torrentophryne 及 美洲 的 
Atelops)'h, Atelops 在 地 理 分 布 、 地 质 演变 和 系统 演化 上 很 难 与 另 两 类 相 联系 ， 可 能 相互 为 
趋同 进化 的 类 群 。 但 东南 亚 的 Ansonia 与 Torrentophryne 之 间 在 系统 演化 上 是 否 有 联系 还 有 
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fF Ansonia HY ER ALA IY TRL A REE, HARMS AER 
EAE SEU EO ÉCBEROR, DU EAD IZ EDO Mp IE ER TE — T rx, EOE 
应 并 作 更 高 的 阶 元 WH. SOT LA B9 2 ER, ABBA A, Ansonia eH ES (upper 
”beak) 明 显 地 分 开 成 两 部 分 ， 而 Torrentophryne 的 则 不 分 开 ， 可 见 二 者 应 为 不 同 的 属 称 ， 即 
Torrentophryne 应 作为 不 同 于 Ansonia 的 有 效 属 。 据 目前 所 知 的 刚 晨 和 成 体 等 资料 ， 原 隶属 
:于 Bufo 的 B. asper( 分 布 于 东南 亚 ) 和 B.，Torrenticola (日 本 ) 应 改 隶 为 Torrentophryne asper 
fl T. torrenticolaos M Torrentophryne 的 生活 环境 和 分 布 范围 看 ， 该 属 可 能 具有 不 短 的 系统 


”演化 历史 。 





| PR 82e foc Fy EUR p Ge GE IE RE Amolopsinae 等 ) 的 腹 吸 盘 尽 管 在 形态 上 相似 ， 但 它 
们 在 系统 发 生 上 有 不 同 的 起 源 ， 仅 仅 是 由 于 二 者 处 于 高 山 溪流 环境 中 的 一 种 趋同 进化 。 同 
时 ， 二 者 作为 喜马拉雅 山 两 栖 类 的 代表 类 群 ， 反 映 了 增强 暗 蚜 对 流 溪 环境 的 适应 是 喜马拉雅 
山 抬 升 过 程 中 两 栖 类 在 该 地 区 生存 和 演化 的 一 种 重要 途径 和 趋势 (这 种 途径 和 趋势 的 另 一 表达 
方式 也 同时 发 生 在 同 域 分 布 的 角 蛤 亚 科 的 演化 过 程 中 ， 能 使 角 监 亚 科 暗 晨 漂浮 于 水 面 的 漏斗 
状 口 是 对 溪流 环境 的 适应 的 体现 )。 实 际 上 ， 由 于 喜马拉雅 出 的 抬升 ， 在 该 区 和 周围 地 区 造成 
了 众多 的 溪流 环境 和 水 系 ， 很 多 物种 都 类 这 些 溪 流 和 水 系 作为 扩散 和 演化 的 主要 通道 。 随 着 
历史 的 演变 ， 在 喜马拉雅 山 及 其 周围 地 区 形成 了 现今 各 自 相关 的 物种 类 群 ， 沿 着 溪流 和 水 系 

的 山脉 则 逐渐 成 为 现今 大 多 数 物种 的 避难 所 ， 并 形成 现今 各 物种 (在 中 国 西南 部 、 南 部 甚至 东 
南亚 ) 的 地 理 分 布 格局 。 

Rt, OKIE MEIER ERAS, MLE Re 

发 生 才能 适应 ， 至 于 其 成 体 ， 基 本 上 没有 能 适应 溪流 环境 的 结构 如 指 ( 黑 ) 吸 盘 发 生 ， 说 明 溪 歇 
类 师 星 的 腹 吸 盘 是 由 于 其 师 星 适应 流 溪 生活 而 形成 的 特 化 结构 ， 并 反映 了 溪 歇 类 在 歇 内 科 系 
统 演 化 中 的 进化 地 位 。 
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l a. 4 
(图 版 说 明 在 正文 内 ) 


